New azo compounds containing barbituric acid, thiobarbituric acid or thiouracil, together with their complexes, were prepared. All the complexes are tetrahedral. Axial ESR spectra were observed for the complexes with a d x2Ày2 ground state with small g || values indicating strong interaction between the ligands and their metal ions. Conductivity measurements proved semiconducting properties for the ligands and their complexes. Energies of activation (ÁE a ) and order of the thermal reactions (n) were calculated by DTA.
INTRODUCTION
Biological activities and industrial achievements of azo containing compounds stirred great interest. The azo moieties have antifungal and antibacterial activities [1] and are used in the determination of trace metals in food and drinking water [2] . Pyrimidine compounds are also used as hypnotic drugs for the nervous system [3] , in detecting cancer [4] as chemotherapeutic agents and are involved in the structure of nucleic acids in living cells [5] .
This article is part of a continuing investigation of transition metal complexes of azo compounds containing pyrimidine moieties in the laboratory of Masoud et al. [6] [7] [8] [9] [10] [11] [12] .
2-aminobenzothiazole to obtain ligand II. The crude products were crystallized using ethanol as a solvent followed by drying in a vacuum desiccator over P 4 The elemental analyses of the free ligands are in Table I . The transition metal complexes derived from cobalt(II), nickel(II), and copper(II), chloride salts were synthesized by refluxing (10 mmol) of an ammonia solution of the metal(II) chloride (Co, Ni, and Cu) with an ammonia solution of the organic compounds (10 mmol) for 1/2 h. The formed complexes were filtered, washed with ethanol, and dried in vacuum over P 4 O 10 . The melting points for all the complexes were over 300 C. The metal ions were determined by the usual complexmetric titration methods [13] and by atomic absorption techniques, Table II .
Electronic absorption spectra were measured using a PYE-Unicam spectrophotometer model 1750 covering the wavelengths from 190 to 900 nm. The spectra of the complexes were measured in DMSO. Infrared spectra were recorded using a Perkin Elmer spectrophotometer model 1430 covering the frequency range 200-4000 cm Àl . Electron spin resonance (ESR) spectra were recorded at 100 kHz modulation and 10 G modulation amplitude on a Varian E9 spectrometer; 10 mV incident power was used and resonance conditions were at 9.45 GHz (X-band) at room temperature. The field was calibrated with a powder sample of 2,2-diphenylpyridylhydrazone (g ¼ 2.0037) [14] .
The electrical conductivity of the ligands and the complexes were measured in the temperature range 298-570 K with a stability and accuracy of AE 0.1 K. The measuring circuit consisted of an oscillator (10Hz-10 MHz) BM 492 and a millivoltmeter (10 Hz-10 MHz) BM 494. The samples were prepared as tablets of thickness 0.1-0.3 cm at a pressure of about 5 ton/cm 2 . The tablets were covered on both sides with silver paste to improve contact with the electrodes. The temperature was measured with a precalibrated Cu-constant thermocouple attached to the sample. The electrical conductivity was measured by applying a stabilized D.C. voltage across the potential difference. The conductivity of the sample was obtained during heating using the general equation:
where I is the current in amperes, V c is the potential drop across the sample of cross sectional area a and thickness d. The differential thermal analysis (DTA) was carried out using a Shimadzu XD-30 thermal analyzer.
RESULTS AND DISCUSSION
The structure proposed for 5-[2-pyrimidinylazo]-barbituric acid based on its I.R. data is as follows: Table III , are due to the existence of a water molecule in these complexes [15] or due to hydrogen bond formation [16] . The shifts in the N-H and C¼O bands, Table III, suggest that these groups are strongly involved in the structural chemistry of the complexes, either by the presence of M-N interactions or that the free ligands are subjected to tautomerism. The azo group is also affected upon complexation, from coordination to the metal ions, Table III . The change in positions of C¼N in the former ligand and thioamide bands in the latter indicates the presence of M-N and M-S bonds [17] [18] [19] The electronic absorption spectra showed characteristic bands at 640 and 520 nm indicating tetrahedral geometry with 4 A 2 (F ) ! 4 T 1 (P) [16, [20] [21] [22] [23] for the cobalt(II) complexes, 610 and 570 nm due to 3 T 1 (F) ! 3 T 1 (P) [24] for the nickel(II) complexes and 610 and 580 nm due to d x2-y2 ! d xy transitions for the copper(II) complexes [25] [15] and/or hydrogen bond formation [16] . Also, the three N-H bands in the free ligands, Table III , became only one band on complexation indicating conversion of the -CNH group to C¼N which is strongly involved in the structural chemistry of the complexes. The IR data also, indicated the involvement of the C¼O and N¼N groups on complexation. The four thioamide ligand bands are affected on complexation suggesting M-N and M-S bonding [17] [18] [19] together with the appearance of new bands due to M-O , M-S , and M-N , Table III . The electronic absorption spectra in DMSO showed bands characteristic for complexes in a tetrahedral or mixed tetrahedral-square-based pyramidal stereochemistry and from these data together with the room temperature magnetic moment data, Table IV , the following structure have been proposed for these complexes, The IR spectral data of 5-[6-purine azo] barbituric and thiobarbituric acids and their complexes, Table III , showed shifts in the position of the NH bands suggesting M-N bonding. The v O-H band identified the presence of coordinated water molecules [15] or hydrogen bond formation [16] . The changes in SH , C¼N The electronic absorption spectral properties and the room temperature magnetic values (Table IV) A study of N-C (8) bond lengths in several metal [N, N 0 -bis (salicylidene) ethylenediamine] complexes revealed two bond length categories [26] . The first range between 1.43 and 1.54 Å is due to conjugation between the -orbitals of N with the -orbitals of the aromatic ring. The second range ! 1.47 Å is observed when C (8) is part of a linear chain, a cyclohexyl group, ethylenediamine, tetramethylenediamine, or a cyclohexanediamine group. The coordination bond value in length (r) can be determined from the relation [27] : [29] , nickel [26] , and copper [26] , respectively).
The values are 48.61, 46.59, and 42.50 for cobalt, nickel, and copper, respectively [30] . From such data, the r-values were computed [31] , Table V . It seems that copper O and 0.769 for its thiobarbituric acid analog, respectively, indicating that these complexes are not purely covalent in accord with the results obtained from IR and electronic spectral measurements. The contribution of 3d character in the copper 3d-4s ground state, is explained in another way [39] . 2 
Based on the preceding data, the The conductivity data of the ligands, Table VII, were measured over the temperature range 294-588 K. A discontinuity in the conductivity plots was observed for all the ligands, with different transition temperatures, resulting in more than one activation energy. It is apparent that the ÁE value is temperature dependent and that the conductivity of all the ligands increases with increasing temperature above 180 C. Thus, the complexes exhibit semiconducting properties above 180 C [43, 44] . The phenomenon of discontinuity in the conductivity plots can be ascribed to a molecular rearrangement or a crystallographic transition [45] . The shallow behavior observed in most of the ligands can be attributed to enolketo tautomerism [46] . Therefore, the first step in the conduction process is delocalization of -electrons while the second step involves excitation of an electron from the highest-filled -molecular orbitals to the lowest unfilled ones [47] . The log values with low ÁE values obtained for the ligands can be ascribed to intermolecular hydrogen bond formation between the hydroxyl and TABLE VII Electrical conductivity data of the ligands and their complexes the azo groups [48] . The decrease in conductivity as the temperature is increased, observed in the conductivity plots, could be due to scattering of carriers by photons due to lattice vibrations within the temperature range studied [49] , alternatively, it indicates the consumption of energy in the dissociation process rather than thermal agitation of electrons. All the complexes exhibit a similar discontinuity behavior in the temperature range 294-588 K. The behavior of all the complexes except Ni [5-pyrazineazo) [49, 50] . The complexes show slight semiconducting behavior with activation energies, Table VII, indicating that the electrons in the available orbitals of the complexes are not of high mobility [51] . Thus, the most realistic description of the complexes involves an interaction of the metal orbitals with ligands to give new molecular orbitals, which are delocalized over the whole molecular complex [52] . It is sufficient to consider quantitatively the behavior of the lowest unoccupied MO of the ligands that interact with the appropriate metal orbitals. The relevant ligand orbitals transform as B 1u and B 2g , which may interact with 4p z and 3d z2 orbitals, respectively. The B 1u -type MOs are sufficiently stabilized on interaction with the 4p z orbital to become occupied, providing an explanation of the resonating structures [52] . The discontinuity in conduction curves of the complexes is due to different crystallographic or phase transitions [53] .
On plotting ÁE against log for the present complexes, best-fit straight lines were obtained. Therefore, the following empirical equations are deduced: for Co Table VIII. The negative values of ÁS* indicated that the activated complexes have a more ordered structure than the reactants [57] . The lower values of collision factor, Z, in most of the complexes indicated the slow nature of the reaction [58] . The degree of decomposition ( m ) was calculated and given in Table VIII. 
